Abstract: The objective of the Conservation Reserve Program (CRP) is to convert erodible cropland to perennial vegetation. Under severe drought, CRP land is frequently utilized for grazing; thus, there is a need to better understand trends in forage nutritional quality in species used in CRP plantings. This study evaluated 13 cool-season irrigated and dryland grasses from May to August and regrowth from September to November in northern Utah during 2004 and 2005 for crude protein (CP), neutral detergent fiber digestibility (NDFD), in vitro true digestibility (IVTD), and neutral detergent fiber (NDF) values. Species, sampling date, year, and sampling date × species interaction had a significant (P < 0.05) effect on CP, NDFD, IVTD, and NDF values. From May to August, there was a strong linear decline in CP, NDFD, and IVTD values. Mean CP values ranged from 68 to 251 g kg −1 in all species examined. Orchardgrass, smooth bromegrass, RS-hybrid, and crested wheatgrass had CP, NDFD, and IVTD values similar to orchardgrass and timothy, but less than perennial ryegrass. Crested wheatgrass had NDF values similar to timothy, but less than orchardgrass. Crested wheatgrass and smooth bromegrass had the greatest nutritional quality and were often similar to orchardgrass, tall fescue, and timothy.
Introduction
The objective of the Conservation Reserve Program (CRP), a cost-share program between farmers/ranchers and the US Government, is to convert highly erodible cropland or other environmentally sensitive acreage to perennial vegetation cover to reduce soil erosion, enhance water quality, and wildlife habitat (USDA-FSA 2013) . Many of these lands are found in the arid western United States and experience frequent droughts and elevated temperatures. Under severe drought, when forage is limited, CRP land has been utilized for grazing; thus, there is a need to better understand trends in forage nutritional quality throughout the growing season in species used in CRP plantings including meadow bromegrass (Bromus riparius Rehm.), crested [ Asay) , and Sandberg bluegrass (Poa secunda J. Presl.), in comparison to more traditional irrigated pasture grasses to include perennial ryegrass (Lolium perenne L.), orchardgrass (Dactylis glomerata L.), tall fescue (Festuca arundinaceae Schreb.), and timothy (Phleum pretense L.) to better manage forage to livestock needs (Jensen et al. 2003) .
In a series of papers, Asay et al. (2002) , Jensen et al. (2003) , and Jensen et al. (2008) , utilizing a line source sprinkler design, reported that as water stress increased, observed forage crude protein (CP), neutral detergent fiber digestibility (NDFD), and in vitro true digestibility (IVTD) values increased, but had no effect on neutral detergent fiber (NDF) values. Suleiman et al. (1999) reported that CP values in stockpiled forage of 11 coolseason grasses declined by 55% from June to September. In the vegetative stage, Allen et al. (2013) reported CP values in perennial ryegrass, quackgrass [Elymus repens (L.) Gould], and smooth bromegrass (B. inermis Leyss.) were greater than Kentucky bluegrass (Poa pratensis L.), orchardgrass, creeping foxtail (Alopecurus arundinaceus Poir.), and timothy in spring, summer, and fall harvests. They further reported that, quackgrass tended to have less NDF than creeping foxtail and smooth bromegrass.
Profitable livestock production depends largely upon the quantity and nutritive quality of the forage produced and the animal's capacity to harvest and utilize it (Iwaasa et al. 2014) . Forage nutritional quality has been defined as the relative performance of animals when the forage is fed ad libitum (Buxton et al. 1996 ). In the absence of feeding trials, forage nutritive quality is often evaluated by measuring values/concentrations including CP, NDFD, IVTD, and NDF (Pavetti et al. 1994; Sollenberger and Vanzant 2011) . Sollenberger and Vanzant (2011) concluded that forage nutritional quality may explain more than 50% of variation in average daily gain (ADG) when quantity is not limiting. They further concluded that greater nutritional quality produced greater ADG than forages with less nutritional quality. Minson and Wilson (1994) reported positive correlations between voluntary intake and CP and in vivo digestibility, and negative correlations between intake and NDF in temperate forages. Oba and Allen (1999) concluded that for every one percent unit increase in NDFD, there was a 0.17 kg increase in dry matter forage intake and 0.03 kg increase in body weight in dairy cows. A 10% increase as a % of NDFD caused a 2.8 kg d
−1 increase in dry matter intake, resulting in 1.5 kg d −1 increase in milk production . Cherney and Cherney (2006) reported that in perennial ryegrass, fiber digestibility is highly correlated with IVTD. Cherney et al. (2011) reported that for lactating dairy cattle, the optimum NDF value is approximately 500 g kg -1 . Coleman et al. (2010) reported that forage nutritional requirements for a 300 kg animal gaining 1 kg d −1 were approximately 105 g CP kg −1 and 675 g digestible organic matter kg −1 (NRC 1984 ).
An understanding of forage nutritional characteristics throughout the grazing season helps managers maximize forage to animal requirements more objectively. Thus, the objectives of this study were to evaluate the effect of sampling dates from 3 May to 3 Aug. (growth phase-1) on stockpiled forage and subsequent forage regrowth from 15 Sept. to 2 Nov. (growth phase-2) on 13 cool-season grass species in northern Utah as it relates to CP, NDFD, IVTD, and NDF values. Figure 1 . The Latin and common names and cultivar name/germplasm/ breeding line for the 13 cool-season grasses used in this study are listed in Table 1 ).
Materials and Methods
Seeding was accomplished on mechanically prepared, weed-free seedbeds with a drill equipped with doubledisk furrow openers and depth band regulators. Seeds were placed 1.25-2.0 cm below the soil surface at a rate of one seed cm (Moore et al. 1991) . After the August forage harvest, all cool-season grasses remained in the vegetative stage through November.
The forage samples were taken between 1500 and 1700 h to facilitate collection of maximum diurnal CP, NDF, NDFD, and IVTD values at each sampling date (Mayland et al. 2000) . Samples were immediately placed in coolers with dry ice, then within one hour of harvest, were placed in liquid nitrogen and placed in a -20°C freezer for three days. Samples were subsequently ground in a Wiley mill followed by a Cyclone mill to pass through a 1 mm screen prior to analysis. Ground plant samples were scanned with a near infrared reflectance spectroscopy (NIRS) instrument (Model 6500; Pacific Scientific Instruments, Silver Spring, MD) to estimate CP, IVTD, NDFD, and NDF values. Representative samples were selected from each year and used as a validation data set for actual chemical analyses. This data set consisted of 293 samples for CP, NDF, and IVTD values, of which 205 were used for NIRS grass equation and 88 were used for validation. The R 2 (P < 0.05) value for validation of CP was 0.97 [standard error of the prediction (SEP) = 0.71] combined across years. Corresponding R Samples used for calibration and validation were analyzed for N using a Leco CHN-2000 Series Elemental Analyzer (LECO Corp., St. Joseph, MO). Concentrations of CP were determined by multiplying N × 6.25. Neutral detergent fiber and IVTD were determined following the methods of Van Soest and Robertson (1980) as modified in the ANKOM procedures (Anonymous 2005a (Anonymous , 2005b . The first stage of the IVTD procedure consisted .
Statistical analysis
Data were analyzed within and across years and harvest dates using the PROC MIXED procedure of SAS with a random statement (SAS 1999) . The main effects of species, cultivars within species, sampling dates, and years were treated as fixed effects, and replication was taken as a random effect (Table 2) . Main effects and interactions were tested with their first-order interactions using replications as the error terms. Species mean separations were based on species averages in accordance with Fisher's protected least significant difference (LSD) at the P < 0.05 level of probability. Intercharacter correlations were computed on entry by rep means using PROC CORR (SAS 1999) . This study was conducted on stockpiled forage from growth phase 1 and forage regrowth from growth phase 2 (data not shown) to monitor trends in CP, NDFD, IVTD, and NDF values across growth phases within species. Thus linear, quadratic, and cubic trends of CP, NDFD, IVTD, and NDF values for growth phases 1 and 2 (data not shown) across sampling dates were examined for each species using orthogonal polynomials with unequal sampling date intervals (Gomez and Gomez 1984) . Partial regression coefficients for sampling dates were computed as Julian days beginning 1 January. The rate of change in CP, NDFD, IVTD, and NDF values across sampling date was determined using regression analysis (PROC REG; SAS, Institue Inc. 1999) procedure with CP, NDFD, IVTD, and NDF values as dependent variable and sampling date as the independent variable.
Results
There was a significant (P < 0.01) species × sampling date interaction for CP, NDFD, IVTD, and NDF values, in both growth phases; and thus the data are reported herein by sampling date (Table 2) . A significant (P < 0.01) species by year interaction was observed. Correlations between years 2004 and 2005 were significant (P < 0.01), but moderate for CP (r = 0.56), NDFD (0.58), IVTD (0.60), and NDF (0.50) values, suggesting that nutritional quality concentrations within the grasses varied slightly over years. However, as we are reporting on perennial grasses, and a single year data is of little significance in predicting long term performance, it is important to include the two years of performance under different environments (Robins and Jensen 2011) . Thus, the data will be summarized and presented combined over years and within sampling dates.
Crude protein (CP)
Between species and sampling date effects on forage CP values were large (Table 2) , with a negative linear component (P < 0.01) in growth phase 1 accounting for 86% to 100% of the variation due to sampling date across species (Table 3) . On average, forage CP values declined at a rate of −1.02 g kg −1 d −1 as forage matured from 3 May to 3 Aug. across species (Table 3) . Nonsignificant cultivars within species (P = 0.2039) effects and cultivar within species × sampling date (P = 0.2388) interactions were observed, suggesting that CP values within cultivars of the same species were similar and that sampling date had little effect on CP values of the cultivars within species. This is consistent with reports by Colling and Casler (1991) that selection of appropriate species may be more important than selection of different cultivars within species. Tall wheatgrass and creeping meadow foxtail exhibited the greatest rate of decline at −1.36 and −1.35 g CP kg −1 d −1 , respectively, from 3 May to 3 Aug. (Table 3) .
Conversely, Kentucky bluegrass, orchardgrass, and perennial ryegrass maintained CP values longer in the growing season as evidenced by a slower rate of decline at −0.81, −0.82, and −0.86 g CP kg (Table 2) . .
Neutral detergent fiber digestibility (NDFD)
Cultivars within species and interactions with sampling date and year were not significant (P > 0.0769) ( Table 2) . Sampling date effects on NDFD were large (Table 2 ) with the mean negative linear component accounting for 97% of the sampling date sum of squares during growth phase 1. This represented a 26% decline in NDFD values from 3 May to 3 Aug. (Table 4 ). Similar to CP, across years and species, NDFD values declined at −2.30 g kg
. Tall wheatgrass, perennial ryegrass, and timothy displayed the greatest rate of decline in NDFD at −2.83, −2.62, and −2.61 g kg
, respectively (Table 4) . Sandberg bluegrass had the slowest rate of decline at −1.58 g NDFD kg
and had one of the lowest overall NDFD values at each sampling date (Table 4) . Average NDFD values declined at twice the rate observed in CP values during growth phase 1, and greater than the −0.70 to −1.20 g kg
reported in tall fescue (Cherney et al. 2011) . With the exception of perennial ryegrass, which ranked in the top two, species ranking varied considerably for forage NDFD between sampling dates 18 May to 3 Aug. (Table 4 ). Generally within harvest dates, Kentucky bluegrass, tall fescue, and Sandberg bluegrass had the lowest NDFD values ( 
In vitro true digestibility (IVTD)
Sampling date effects were large (Table 2 ) with a negative trend in IVTD values accounting for 96% of the variation due to sampling date sum of squares during growth phase 1 (Table 5) . Across years and species, IVTD values declined at a rate of −1.47 g kg −1 d −1 (Table 5) , representing a 15% reduction. Tall wheatgrass and perennial ryegrass had the greatest rate of decline at −2.01 and −1.96 g IVTD kg −1 d −1 , respectively, during growth phase 1 (Table 5 ). Despite having lower IVTD values, Sandberg bluegrass and Kentucky bluegrass maintained IVTD values longer in the growing season as evidenced by a slower rate of decline at −1.01 and −1.11 g kg
respectively, over growth phase 1 (Table 5 ). Significant (P < 0.05) differences were observed in IVTD values between cultivars within species; however, the interaction between cultivars within species and sampling date was not significant (Table 2 ). Cultivar differences were observed in crested wheatgrass ('Hycrest') and orchardgrass (UTDG-101), which possessed significantly (P < 0.05) greater IVTD values than the other cultivars within their respective species (data not shown). In general at each sampling date, perennial ryegrass, crested wheatgrass, orchardgrass, timothy, and smooth bromegrass ranked in the top six with greater IVTD values (Table 5) . Sandberg bluegrass had the lowest IVTD values ranking either at or near the bottom at each sampling date (Table 5) . As forage matured, Kentucky bluegrass and creeping meadow foxtail had the greatest IVTD values on 3 Aug. at 811 and 808 g kg
, respectively (Table 5 ). During growth phase 2, negative linear and quadratic components (P < 0.01) accounted for 37% and 63%, respectively, for IVTD sampling date sum of squares. Contributing to the quadratic component was the increase in IVTD values from 15 Sept. to 5 Oct. in all grasses but smooth bromegrass, which declined by 2%. From 5 Oct. to 2 Nov., all species examined exhibited a decline in forage IVTD values, ranging from 2.8% to 18.8% in tall wheatgrass and perennial ryegrass, respectively, with an average decline of −1.12 g kg There was an average increase of 12% in IVTD values in Orthogonal polynomial trends from May to August sampling dates (growth phase 1) expressed as percent of sampling date sums of squares due to linear and quadratic effects, based on orthogonal polynomials with unequal sampling date intervals. *, ** Significant at the 0.05 and 0.01 levels, respectively. Table 5 . LSMeans and trends in in vitro true digestibility (IVTD) of 13 perennial grass species at eight sampling dates, combined across two years in northern Utah.
Mean
Sampling dates Trends , respectively (Table 5) .
Neutral detergent fiber (NDF)
Species and sampling date effects for NDF values were large (Table 2) , with a positive linear component in growth phase 1 accounting for 97% of the variation due to sampling date. Across years, NDF values increased at a rate of 1.61 g kg −1 d −1 (Table 6) , representing a 27% increase during growth phase 1. As forage matured from 3 May to 3 Aug., NDF values increased at greater rates in tall wheatgrass, perennial ryegrass, crested wheatgrass, and smooth bromegrass at 2.22, 2.00, 1.98, and 1.85 g kg −1 d −1 , respectively, whereas NDF concentrations increased at a slower rate of 0.68 and 0.50 g kg −1 d −1 for tall fescue and Sandberg bluegrass, respectively. Differences in NDF values between cultivars within species were significant (P < 0.05), as well as the interactions with sampling date (P < 0.05) and year (P < 0.01) ( Table 2) A significant (P < 0.01) species × sampling date interaction implied that species ranking within sampling dates were not consistent. With the exception of the 2 Nov. sampling date, perennial ryegrass had consistently lower NDF values (Table 6 ) than the other grasses in the study. In contrast, Sandberg bluegrass consistently had the greatest NDF values within each sampling date. Timothy and crested wheatgrass followed perennial ryegrass with lower NDF values, except the 3 Aug. sampling date (Table 6 ). The largest increase in mean NDF values was observed between the 3 May and 18 May sampling dates, at 10% as forage matured.
During growth phase 2, linear and quadratic components accounted for 2% and 98% (P < 0.01), respectively, for sampling date sum of squares. Contributing to the quadratic component was the decrease in NDF values from 15 Sept. to 5 Oct. in all grasses, ranging from 4% to 16% in smooth bromegrass and timothy, respectively (Table 6 ). All species examined had increased NDF values from 5 Oct. to 2 Nov. (Table 6 
Discussion
In the grasses studied, species, sampling date, year, and sampling date × year interaction significantly (P < 0.05) affected CP, NDFD, IVTD, and NDF values, suggesting that even when selecting the best plant materials, environmental influences may be stronger in determining forage nutritional quality than the species per se. Within tall fescue cultivars, Cherney et al. (2011) found that rates of change in quality were similar under the same environment, but different across multiple environments. As expected, CP values decreased with plant maturity in all species during growth phase 1. (Turner and Raleigh 1985; Van Soest 1994) . Despite the negative trends in NDFD values in growth phase 1, which were strongly associated with increased maturity, percent differences within sampling dates between species for low to high NDFD values ranged from 13% to 34%, suggesting that the selection of appropriate species would likely increase dry matter intake significantly (Oba and Allen 1999) . Despite having significantly (P < 0.05) greater IVTD values than all other grasses, perennial ryegrass IVTD values declined at −1.96 g kg −1 d −1 , second only to tall wheatgrass at −2.01 g kg
Crested wheatgrass is perhaps one of most drought tolerant grasses used in CRP plantings to improve forage on dry harsh environments (Jensen et al. 2008 ), yet its mean IVTD values were similar to orchardgrass, timothy, and smooth bromegrass. Values of forage NDF are inversely related to the amount that animals are able to consume, thus forage with low NDF values will have greater intake rates than those with greater NDF values (Oba and Allen 1999) . In general, as forage matures, NDF values increased, resulting in reduced forage nutritional quality. A slower rate of increase in NDF values would likely result in forage having greater nutritional quality longer into the growing season. Within the grasses examined, there was a 51% difference observed in the rate of NDF increase from 1.08 to 2.22 g kg −1 d −1 in Sandberg bluegrass and tall wheatgrass, respectively, associated with plant maturity through growth phase 1.
Summary
Sampling date, year, and sampling date × species interaction had a significant effect on CP, NDFD, IVTD, and NDF values in the grasses examined, suggesting that, in northern Utah, the variation in a particular growing environment may play a more dynamic role in the production of nutritious forage than species themselves. Forage nutritional quality above 105 g CP kg −1 Table 6 . LSMeans and trends in neutral detergent fiber (NDF) of 13 perennial grass species at eight sampling dates, combined across two years in northern Utah.
Mean
Sampling dates Trends Orthogonal polynomial trends from May to August sampling dates (growth phase 1) expressed as percent of sampling date sums of squares due to linear and quadratic effects, based on orthogonal polynomials with unequal sampling date intervals. *, ** Significant at the 0.05 and 0.01 levels, respectively.
(NRC 1984) was observed in crested wheatgrass, smooth bromegrass, RS-hybrid, and intermediate wheatgrass.
Smooth bromegrass and crested wheatgrass NDFD values were similar to orchardgrass and timothy. Values of IVTD in crested wheatgrass and smooth bromegrass were similar to those observed in orchardgrass and timothy. Crested wheatgrass and smooth bromegrass have NDF values similar to timothy, but less than orchardgrass. If forage producing environments experience drier hotter conditions, many of the traditional forage species will not persist (Jensen et al. 2001) , however, based on this study, there are grass species (e.g., smooth bromegrass, RS-hybrid, and crested wheatgrass) adapted to these environments capable of producing acceptable levels of forage nutritional quality and dry matter yield (Jensen et al. 2014) .
